Research on image fusion of missile team based on multi-agent cooperative blackboard model  by Sen, Guo & Munan, Li
Physics Procedia 24 (2012) 674 – 677
1875-3892 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of ICAPIE Organization Committee.
doi:10.1016/j.phpro.2012.02.099

,QWHUQDWLRQDO&RQIHUHQFHRQ$SSOLHG3K\VLFVDQG,QGXVWULDO(QJLQHHULQJ
5HVHDUFKRQLPDJHIXVLRQRIPLVVLOHWHDPEDVHGRQ
PXOWLDJHQWFRRSHUDWLYHEODFNERDUGPRGHO
*XR6HQD/L0XQDQE
D6KHQ=KHQ,QIRUPDWLRQ,QVWLWXWHRI7HFKQRORJ\6KHQ=KHQ&KLQD
E6FKRRORI%XVLQHVV$GPLQLVWUDWLRQ6RXWK&KLQD8QLYHUVLW\RI7HFKQRORJ\*XDQJ]KRX*XDQJGRQJ&KLQD


$EVWUDFW
7KH WDUJHW RI FRRSHUDWLYH HQJDJHPHQW RI PLVVLOH WHDPV LV WR IXUWKHVW LPSURYH KLW UDWH RI WDUJHW DFFRUGLQJ WR
FRPPXQLFDWLRQDQGFRRSHUDWLRQDPRQJPLVVLOHV,QWKLVSDSHUWKHSUREOHPVRILPDJHIXVLRQEHWZHHQPLVVLOHWHDPVLQ
FRPSOH[FRPEDWHQYLURQPHQWZDVDQDO\]HGDIWHUZKLFKDQPXWLDJHQWEODFNERDUGFRRSHUDWLYHPRGHOZDVSUHVHQWHG
DQG D SXEOLF LQIRUPDWLRQ SODWIRUP RI PLVVLOH WHDP LV EXLOW DFFRUGLQJ WR WKLV PRGHO7KURXJK WKHVH WKH IXVLRQ RI
LPDJHVWDNHQIURPPXWLVHQVRURIPLVVLOHVFDQEHUHDOL]HGDQGWKHKLWUDWHRIDWWDFNLQJWDUJHWZLOOEHLPSURYHG$WODVW
DQVLPXODWLRQH[SHULPHQWZHUHSHUIRUPHGDQGWKHIHDVLELOLW\RIWKHPHWKRGLVSURYHGE\VLPXODWLRQH[SHULPHQW

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI>QDPHRUJDQL]HU@

.H\:RUGVPLVVLOHFRRSHUDWLYHEODFNERDUGLPDJHIXVLRQ
,QWURGXFWLRQ
&RRSHUDWLYH HQJDJHPHQW RI PLVVLOH WHDPV LV QRW RQO\ D IURQWLHU WRSLF RI SUHVHQW PLVVLOH DWWDFN
WHFKQRORJ\ EXW DOVR DQ SUDFWLFDO WHFKQRORJ\ ZLWK JUHDW VWUDWHJLF DQG WDFWLFDO VLJQLILFDQFH WR IXWXUH DLU
FRPEDW%ODFNERDUGLVRQHRIW\SLFDOFRRSHUDWLRQPRGHOVEDVHGRQ0XOWLDJHQW6\VWHP>@>@%ODFNERDUG
LVRQHRIWKHPRVWHIILFLHQWWRROVLQWKHILHOGRIGHDOLQJZLWKFRRSHUDWLRQDVZHOODVNQRZOHGJHVKDULQJDQG
IXVLRQDPRQJLVRPRUSKLFRUKHWHURJHQHRXVPXOWLDJHQW,QWKHIO\LQJSURFHVVRIPLVVLOHWHDPLQWKHDLU
VRPH DEQRUPDO FRQGLWLRQV PD\ DSSHDU VXFK DV WKH PRWLRQ RI WDUJHW DLU WXUEXOHQW HWF (YHQ RQ WKH
FRQGLWLRQWKDWWKHWDUJHWLVZLWKWKHDELOLW\RIDQWLWUDFNLQJKRZWRIXUWKHVWKLWWDUJHWWKURXJKWKHLQWHULRU
FRRSHUDWLRQ DQG FRPPXQLFDWLRQEHWZHHQPLVVLOH WHDPV LV D VFLHQWLILF UHVHDUFK WDVNZLWKJUHDW YDOXHRI
DFWXDOFRPEDW
7KHH[LVWLQJPLVVLOHWHDPLVLQIDFWDVXSHUSRVLWLRQRIPXOWLSOHPLVVLOH7KHRUHWLFDOO\WKHFRPEDWWHDP
FRPSRVHGRIPXOWLSOHPLVVLOHFDQLPSURYHWKHSUREDELOLW\RIKLWWLQJWDUJHWLQGHHGEXWWKLVLVRQWKHEDVHG
RIVWDWLFWDUJHW,I WKHWDUJHWLVG\QDPLFRUHYHQKDYLQJWKHDELOLW\RIDQWL WUDFNLQJ WKHVXSHUSRVLWLRQRI
PXOWLSOHPLVVLOHVZLWKRXWWKHDELOLW\RIFRRSHUDWLRQZLOOKDYHOLWWOHHIIHFWRQLPSURYLQJWKHSHUFHQWDJHRI
KLWVZKLOHWKHPLVVLOHWHDPEDVHGRQPXOWLDJHQWFRRSHUDWLRQPRGHOFDQLPSURYHWKHUDWHRILGHQWLI\LQJ
WDUJHW DQG WKH SUHFLVLRQ RI KLWWLQJ WKURXJK LPSURYLQJ WDUJHW GHWHFWLRQ UDWH LQ FRPSOH[ EDFNJURXQG
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
HQYLURQPHQW DFFRUGLQJ WR WKH FRPSOHPHQWDU\ DQG WKH UHGXQGDQF\ RI LQIRUPDWLRQ7KXV LW LV RI JUHDW
VLJQLILFDQFH WR VWXG\ JXLGDQFH VLJQDO SURFHVVLQJ WHFKQRORJ\ RI FRRSHUDWLYH HQJDJHPHQW RI PXOWLSOH
PLVVLOHVIRUUHDOL]LQJSHQHWUDWLRQDQGDFFXUDWHKLWV
7KHSUHVHQWFRRSHUDWLYHDWWDFNLQJWHFKQRORJ\RIPLVVLOHWHDPLVYHU\VLQJOH,WPDLQO\GHSHQGVRQWKH
LQIRUPDWLRQSURYLGHGE\DVLQJOHVHQVRUVXFKDVLQIUDUHGWKHUPDOVHQVDWLRQDQGPDJQHWLFLQGXFWLRQWR
UHDOL]H UHDO WLPH FDOLEUDWLRQ ZKLFK LV GLIILFXOW WR VDWLVI\ WKH UHTXLUHPHQW RI DFWXDO FRPEDW 6R LW LV
QHFHVVDU\ WR HPSOR\ GLIIHUHQW NLQGV RI PXOWLSOHVHQVRU WR SURYLGH REVHUYDWLRQ GDWD DQG WKHQ FDUU\ RQ
LQIRUPDWLRQ IXVLRQ RI PXOWLVHQVRU WKURXJK ZKLFK ZH FDQ PDVWHU DFFXUDWH VWUDWHJLF DQG WDFWLFDO
LQIRUPDWLRQ DQG REWDLQ WKH RSWLPXP FRPEDW HIIHFWLYHQHVV 7KH ZLGHO\ XVHG SDWWHUQ RI LQIRUPDWLRQ
SURFHVVLQJ WHFKQRORJ\ DW SUHVHQW VHJPHQWHG SDUWO\ WKH RUJDQLF FRQQHFWLRQV RI LQIRUPDWLRQ RI WDUJHW
FROOHFWHG E\ PXOWLVHQRU ZKLFK VLPSOLILHG UHDO HQYLURQPHQW ODUJHO\ ZKHQ UHVHDUFKLQJ RQ SUREOHPV
LJQRUHGWKHLQWHUUHODWLRQVKLSVEHWZHHQVRPHIDFWRUVGLYRUFHGIURPWKHSUDFWLFHRIFRPEDW7KHUHIRUHWKH
FRQFOXVLRQREWDLQHGIURPWKHSDWWHUQLVGLIILFXOWWRDGDSWWRWKHFRPSOH[FRPEDWHQYLURQPHQW
0LVVLOH WHDP LV D G\QDPLF FRQIURQWDWLRQ FRXUVH EHWZHHQ DWWDFNGHIHQVH SDUWLHV 7KH IXVLRQ RI
LQIRUPDWLRQDQGLPDJHQHHGVWRWDNHLQWRDFFRXQWQRWRQO\WKHSHUIRUPDQFHSDUDPHWHURIEDWWOHWHFKQLTXHV
RIERWK VLGHVEXWDOVRKRZ WRGHYHORS IRUPDWLRQVDVZHOO DVKRZ WRDFFRPSOLVKFRRSHUDWLYHDWWDFNHWF
ZKLFKLVDYHU\FRPSOH[SURFHVVRIPDNLQJGHFLVLRQ7KHUHIRUHVHOIFRRSHUDWLRQWHFKQRORJ\HPHUJHVDV
WKHWLPHVUHTXLUH7KHV\VWHPRIFRRSHUDWLYHLQIRUPDWLRQIXVLRQXVHVERWKFRPSXWHUDQGFRPPXQLFDWLRQ
WHFKQRORJ\$OOVHQVRUHTXLSPHQWVDYDLODEOHDUHFRPELQHGLQWRDQHWZRUNDQGDOOH[LVWLQJWHFKQRORJ\DQG
WDFWLFDO UHVRXUFHV DUH IXUWKHVW SOD\HG DQG  XVHG WR LPSURYH WKH SHUFHSWLRQ DELOLW\ LQ VHQVH QHWZRUN WR
DFKLHYH WKH VKDULQJ RI LQIRUPDWLRQ RI WDUJHW DQG WKH FRRUGLQDWLRQ RI GHWHFWLQJ EHKDYLRU RI VHQVRU WR
LPSURYH FRPSUHKHQVLYH HIILFLHQF\ RI WKH H[LVWLQJ LQIRUPDWLRQ IXVLRQ V\VWHP 2Q WKH FRQGLWLRQ RI
G\QDPLFFKDQJLQJEDWWOHHQYLURQPHQWWKHGHWHFWLQJHTXLSPHQWLQFRRSHUDWLRQLQIRUPDWLRQIXVLRQV\VWHP
EXLOWRQWKHEDVLVRIPXOWLDJHQWWHFKQRORJ\ZLOOPRGLI\WKHLUZRUNLQJSURFHVVDFFRUGLQJWRWKHFKDQJHV
RIHQYLURQPHQW7KHWDVNRIFROOHFWLQJLQIRUPDWLRQRIWDUJHWZLOOMRLQWO\FRPSOHWHHIILFLHQWO\WKURXJKWKH
FRRUGLQDWLRQDQGFRRSHUDWLRQDPRQJWKHGHWHFWLQJHTXLSPHQWV
%ODFNERDUGPRGHODQGDSSOLFDWLRQLQLPDJH
$ PLVVLOH WHDP 0V FRQVLVWLQJ RI 06$ LV EXLOW IRU KLWWLQJ RQH DWWDFNLQJ WDUJHW 7KH SURFHVV RI
FRRSHUDWLRQ:KHWKHU LW LV VXFFHVVIXO RU QRW LV DQ HPERGLPHQW RI H[SHULHQFH DQG NQRZOHGJH IRU WKH
HQYLURQPHQW ZKHUH WKH PLVVLOH WHDP0V7KHUHIRUH WKH FRRSHUDWLRQ SURFHVV LV DQ DFWLYLW\ SURFHVV LQ
ZKLFK0VLVRSWLPL]HGFRQWLQXRXVO\DQGDIHHGEDFNSURFHVVRIJHQHUDOL]HGFROVHGORRSV\VWHP&HUWDLQO\
WKHIHHGEDFNLVDQDGMXVWPHQWDQGDRSWLPL]DWLRQRIFRRSHUDWLRQSURFHVV,WLVVKRZQDVWKHIROORZLQJ>@,Q
)LJ  WKH FRRSHUDWLRQ SURFHVV LV NQRZQ DV DQ DSSUR[LPDWH FORVHG ORRS FRQWURO V\VWHP LQ ZKLFK WKH
HYDOXDWLRQ UHVXOWV ZHUH XVHG DV NQRZOHGJH IHHGEDFN WR DGMXVW WKH QH[W FRRSHUDWLRQ DFWLYLWLHV 6R WKH
FRRSHUDWLRQSURFHVV LWVHOI FDQEH UHJDUGHG DV D OHDUQLQJSURFHVV RI DJHQW JURXSZKLFK LV DQ LPSRUWDQW
PHFKDQLVPIRUPLVVLOHWHDPV\VWHPWRNHHSFKDUDFWHULVWLFVRIDGDSWDWLRQDQGHYROXWLRQ
7KHFKDUDFWHULVWLFVRIEODFNERDUGPRGHOVDUH7KHNQRZOHGJHERGLHVDUH UHODWLYHO\ LQGHSHQGHQWDQG
HDFK³H[SHUW´FDQKDYH WKHLURZQGLIIHUHQW NQRZOHGJHDQGDOJRULWKPVZLWKRXW UHTXLUHPHQWVRIXQLIRUP
UHDVRQLQJIRUP7KHLQFUHDVHDQGWKHGHFUHDVHLQNQRZOHGJHLWHPVZLOOQRWDIIHFWWKHGHVLJQLQJRIRWKHU
NQRZOHGJH ERGLHV WKURXJK FRPPXQLFDWLRQ DQG QHJRWLDWLRQ DPRQJ NQRZOHGJH ERGLHV ,Q UHFHQW \HDUV
%ODFNERDUGPRGHOLVZLGHO\XVHGDVDPDLQV\VWHPIUDPHZRUNIRUSUREOHPVROYLQJEDVHGRQNQRZOHGJH
)RU H[DPSOH 1DYLJDWLRQ 'HYLFHV 'LJLWDO 0DLQWHQDQFH 3ODWIRUP %DVHG RQ %ODFNERDUG 0RGHO DQG
0XOWLDJHQW'HVLJQDQG5HDOL]DWLRQRIWKH&*)RI1DYDO6KLSV%DVHGRQ0XOWLDJHQWDQGPXOWLWKUHDGLQJ
WHFKQRORJ\WKH([SHUW6\VWHPRI$LU$WWDFN7DUJHW5HFRJQLWLRQEDVHGRQ%ODFNERDUG0RGHOHWFDOORI
ZKLFKKDYHREWDLQHGJRRGUHVXOWVLQDSSOLFDWLRQUHVHDUFK
%ODFNERDUG PRGHO KDYH EHWWHU SHUIRUPDQFH LQ GHDOLQJ ZLWK KHWHURJHQHRXV NQRZOHGJH VRXUFH DQG
PRUHYLVXDOPDWKHPDWLFDOGHVFULSWLRQ
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$VLPXODWLRQH[DPSOHRILPDJHIXVLRQRIPLVVLOHWHDP 
$FFRUGLQJ WR WKHSULQFLSOHDQG WKHPHWKRGRI VLPXODWLRQPHQWLRQHGDERYH8VLQJ0LUFURVRIW9&
 D VLPXODWLRQ SODWIRUP RI PXOWLVHQVH LPDJH IXVLRQ RI PXOWLPLVVLOH FRRSHUDWLRQ LV GHVLJQHG 7KH
V\VWHP VLPXODWHG D FRPEDWLQJ WHDP IRUPDWLRQ FRQVLVW RI  PLVVLOHV LQFOXGLQJ LQIUDUHG JXLGH H[WHUQDO
EXOOHWDQGYLVLEOHOLJKWLQGXFHGEXOOHWUHVSHFWLYHO\DQGWKHLUSURFHVVRIDWWDFNLQJWKHVDPHWDUJHW
7KHPXOWLWKUHDG WHFKQRORJ\ SURYLGH JUHDW FRQYHQLHQFHV IRU UHDOL]DWLRQ RIPXOWLDJHQW V\VWHPZLWK
DSSURSULDWH DUFKLWHFWXUH IOH[LEOH V\VWHP JRRG JHQHUDOLW\ SRZHUIXO UHXVLQJ DELOLW\ DQG HDV\ H[WHQVLRQ
IHDWXUHV,QWKHGHVLJQRIVLPXODWLRQSODWIRUPDPLVVLOHZDVVLPXODWHGE\DWKUHDGWKHVWUXFWXUHLVVKRZQ
DV)LJ$OO$JHQWFODVVHVZHUHGHULYHGIURPWKH&:LQ7KUHDG&ODVVHVSURYLGHGE\0)&$WUXQWLPH
WKHDJHQWREMHFWGHULYHGIRUPHDFK$JHQWFODVVLVDWKUHDGUXQQLQJLQGHSHQGHQWO\


)LJXUH&ROODERUDWLYH3URFHVV'LDJUDP
$W WKH EHJLQQLQJ WKHPDLQ WKUHDG FRQVWUXFWV DQG VWDUWV HDFK DJHQW WKUHDG LQ WKH V\VWHP WKHQ
DFFRUGLQJ WR WKH VHWWLQJDWWDFNLQJ WDUJHW DQG WKHGHWHFWHG LQIRUPDWLRQ HDFKDJHQWPLVVLOH WDNHVRQ
PLVVLOHDWWDFNLQJDFWLRQEDVHGRQ WKHVHWWLQJUXOHV ,QRUGHU WRVLPXODWH WKHFRPPXQLFDWLRQDPRQJ
PXOWLEXOOHW ZH XVHG WKH REMHFW FODVV V\QFKURQRXV DPRQJ WKUHDGV SURYLGHG E\ 9& ,Q WKH
GHVLJQDFULWLFDOVHFWLRQ&&ULWLFDO6HFWLRQDQGDPXWH[YDULDEOH&0XWH[ZHUHXVHGWRGHVLJQDVDIHW\
FODVV IRU FRPPXQLFDWLRQ DQG V\QFKURQL]DWLRQ EHWZHHQ PXOWLWKUHDG 7KH SURFHVV LQFOXGHV WKH 
IROORZLQJVWHSV
y7KH FRQFXUUHQW SURFHVV FDQ UHDG LPDJH IURP WKH EXIIHU RI KDUGGLVN UHVSHFWLYHO\ UHSUHVHQWLQJ WKH
LPDJHRILQIUDUHGDQGYLVLEOHOLJKWGHWHFWLQJE\WKHWZRPLVVLOHZKHQIO\LQJ
y$FFRUGLQJWRWKHLPDJHVWKHEHKDYLRUUXOHPRGHOZLOOGHWHUPLQHWKHWUDFNLVULJKWRUQRW,IULJKWWKH
PLVVLOHZLOOUHPDLQWKHQRUPDOIOLJKWOLQH(OVHMXPSWR6WHSF
y&RPPXQLFDWHZLWKRWKHUPLVVLOH WKURXJKFRPPXQLFDWLRQPRGXOH IXVHGZLWK WKH WDUJHW LPDJHVHQW
E\RWKHUPLVVLOHDQGWKHQJHQHUDWHDQHZWDUJHWLPDJH
y&RPSDUH WKH IXVHG LPDJH ZLWK WKH WDUJHW LPDJH WKURXJK FRQWURO IXQFWLRQ $FFRUGLQJ WR WKH
FRPSDULVRQUHVXOWWKHIOLJKWWUDFNZLOOEHDGMXVWHGE\LPSOHPHQWLQJPRGXOH
)URP WKHH[SHULPHQW UHVXOWZHFDQVHH WKDWZKHQ WKH WUDFNGHYLDWLRQRIRQHPLVVLOHRFFXUVZHFDQ
PRGLI\WIOLJKWWUDFNDFFRUGLQJWRWKHLPDJHVHQWE\WKHRWKHUPLVVLOH,WFDQLPSURYHWKHDFFXUDWHUDWLRQRI
KLWWLQJDQREMHFW
&RQFOXVLRQDQGUHVHDUFKSURVSHFW
$FFRUGLQJ WR WKH SUREOHPV H[LVWLQJ LQ WKH LPDJH IXVLRQ LQ PLVVLOH WHDP IRUPDWLRQ ZH SURSRVHG D
UHVROXWLRQEDVHGRQWKHPXOWLDJHQWEODFNERDUGFRRSHUDWLRQPRGHO7KURXJKWKHSUDFWLFDOVLPXODWLRQZH
SURYHG WKDW WKH LQWURGXFLQJ RI PXOWLDJHQW FRRSHUDWLRQ PHFKDQLVP FDQ LPSURYH WKH FRRSHUDWLRQ DQG
DELOLW\ RI PLVVLOH WHDP ,Q WKLV SDSHU ZH MXVW SXW IRUZDUG D VROXWLRQ IUDPHZRUN7KHUH DUH VWLOO VRPH
SUREOHPVGHPDQGLQJ WREHVROYHG ,QDGGLWLRQ WKHEODFNERDUGDJHQW LQEODFNERDUGPRGHOPHQWLRQHG LQ
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WKLVSDSHULVIOH[LEOH,WDFKLHYHVWKHWUDQVIRUPDWLRQIURPWKHEODFNERDUGDJHQWWRWKHFRPPRQNQRZOHGJH
UHVRXUFHDJHQWWKURXJKVOLGLQJEODFNERDUGPRGHOZKRVHFRVWUHPDLQVWREHFODULILHG
$FNQRZOHGJPHQW
7KLV UHVHDUFK ZDV VXSSRUW E\ WKH 1DWXUDO 6FLHQFH )RXQGDWLRQ RI *XDQJ'RQJ 3URYLQFH
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
>@  :LOOLDP0 - 'HVLJQ DQG DQDO\VLV WHFKQLTXHV IRU FRQFXUUHQW EODFNERDUG V\VWHPV >'@&ROOHJH RI:LOOLDP DQG0DU\ LQ
9LUJLQLD
>@  /,0XQDQ3(1*+RQJ0RGHOUHSUHVHQWDWLRQDQGPRGHOFRPSRVLWHEDVHGRQ$JHQW>-@-RXUQDORI&RPSXWHU$SSOLFDWLRQV

>@  /, $Q4,1 )DQJMXQ ;8 -LDQJQLQJ 1DYLJDWLRQ GHYLFHV GLJLWDO PDLQWHQDQFH SODWIRUP EDVHG RQ EODFNERDUG DQG
PXOWLDJHQW>-@-RXUQDORI&KLQHVH,QHUWLDO7HFKQRORJ\
>@  =+$2 +RQJ[X <$1* ;LX\XH 'HVLJQ DQG 5HDOL]DWLRQ RI WKH &*) RI 1DYDO 6KLSV %DVHG RQ 0XOWLDJHQW DQG
0XOWLWKUHDGLQJ7HFKQRORJ\>-@-RXUQDORI$FDGHP\RI$UPRUHG)RUFH(QJLQHHULQJ
>@  &+(1'RQJIHQJ/(,<LQJMLH7KH([SHUW6\VWHPRI$LU$WWDFN7DUJHW5HFRJQLWLRQEDVHGRQ%ODFNERDUG0RGHO>-@)LUH
&RQWURODQG&RPPDQG&RQWURO
>@  =+$1* )HQJ <,1 'RQJ :8 :HQ\X 5HPRWH 6HQVLQJ ,PDJHV 5HWULHYDO %DVHGRQ $JHQW 7HFKQRORJ\>-@
&RPPXQLFDWLRQV7HFKQRORJ\
